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Preface

The aim of this publication is to bring together the results of
metallurgical analysis on Chinese coins undertaken at the
British Museum during the last 15 years. The largest project
looked at the metal content of Chinese cash coins over a period
of more than 2,000 years. Although the results of the survey
were summarised and published (Bowman, Cowell and Cribb,
1989), full details of the survey and photographs of the coins
tested are presented here for the first time, along with an
introduction by Joe Cribb and comments by Michael Cowell.

Since then, smaller metallurgical projects have been
undertaken at the British Museum, looking at specific questions,
such as the iron content of Song dynasty coins, the brass content
of Qing dynasty coins, and the question of metal supply for Qing
dynasty coins. The results of these projects are brought together
here for ease of reference, and are presented in chronological
order of the material examined.

We would like to thank our co-authors Yvonne Shashoua,
formerly of the British Museum, and Michael Wayman,
Professor of Metallurgy at the University of Alberta in
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Edmonton, for their friendly co-operation, and the Royal
Numismatic Society and the Historical Metallurgy Society for
allowing us to reproduce the published articles here.

The analysis for the projects in this volume has been done at
the British Museum, using coins from the British Museum
collections. In the last decade, numismatists and scientists in
China have also been looking at similar questions, using coins
from archaeological sites. It is important that we share the
results. Zhou Weirong's new book, Chinese Coins: Alloy
Composition and Metallurgical Research, will be available soon,
and we would like to thank him for agreeing to let us publish an
English version of the introduction, postscript and contents
pages of his book as an Appendix here.

Helen Wang and Joe Cribb, Department of Coins and Medals,
the British Museum,;

Michael Cowell and Sheridan Bowman, Department of
Conservation, Documentation and Science, the British Museum



Introduction
Joe Cribb

For over 2,000 years from the 3rd century Bc until the second
decade of the 20th century, the main official form of currency in
China was the standard copper alloy coin.! Known as quan, gian
or wen in Chinese, and by its pidgin name cash in English, this
coin was characterised by its shape, round with a square hole, by
its design, an inscription, and by its method of manufacture, cast
from copper alloy in a mould. The longevity of this coin
positions it as an important index of change in metallurgical
practice through China’s history. The steady export of these
coins from the 7th century to Eastern Turkestan, Mongolia,
Japan, Korea, Vietnam, Indonesia, Malaysia, Thailand, India,
the Persian Gulf, the Arabian Peninsula and East Africa, has also
provided these regions with a supply of copper alloy.
Furthermore, in China and elsewhere these coins have been an
important source of scrap metal for manufacturing utensils and
images.

The purpose of the study on which this volume is based is to
provide an overview of the use of copper alloys in the
production of coins for more than 2,000 years, during which the
cash dominated the currency systems of East Asia. The study of
the copper alloy cash has also prompted examination of
occasional issues of coins made from other base metals in China,
including lead, zinc and iron.

The papers reprinted here represent a collaboration between
the British Museum’s Department of Coins and Medals and
Department of Scientific Research (now part of the Department
of Conservation, Documentation and Science). They set out the
scientific principles and methods used in analysing and
understanding the metals and alloys used in casting the coins.
The papers focus on particular indications arising from the
analyses, such as casting techniques, the introduction of brass
using metallic zinc, the use of leaded bronzes, the import of
copper from Japan and the medieval production of cast iron.

In September 1981, when the collaboration started, the
decision was made to test at least two coins of each type (if
available), to provide limited assurance of the result from
individual coins. In some instances wider samples were tested,
particularly to investigate specific points of interest. For periods
when coins were issued with deliberately varying calligraphies,
samples were chosen across the range of calligraphic styles to
see if the function of the variation was to indicate metallurgical
differences. In some instances contemporary issues from
different mints or from different regions were analysed to see
whether alloy standards were centralised.

The major results from this study are to be found in the
papers presented here, but the results also suggest that other
issues remain to be investigated arising from the full set of
analyses. In one case, the comparison between Tang period
coins made in China with those collected in Xinjiang (Chinese
Central Asia), was made available to another scholar.’ The
results showed that the production of both specific local issues

and versions of centrally issued coins took place in Xinjiang and
a more heavily leaded bronze was used in casting them.

The appearance of the first of these papers coincided with a
project by Professors Dai Zhigiang and Zhou Weirong of the
Chinese Numismatic Museum, Beijing and Fan Xiangxi, a
colleague from Beijing Teachers’ University, who conducted a
parallel series of analyses. Their results have largely
corroborated those presented here, while calling on a broader
range of Chinese textual sources to improve the understanding
of the significance of the results.* Their scientific methods were
different: volumetric titration and atomic absorption
spectrophotometry. The latter was also used by the British
Museum Research Laboratory for some of its analyses, but X-ray
fluorescence was the main method used.

The following are some general observations on the British
Museum analyses, raising some issues which would benefit from
further research and analyses being made.

Coins of the pre-Qin period (c. 350-221BC)

Only round coins of the pre-Qin period were analysed at the
British Museum, but their results are usefully compared with the
analyses of knife- and hoe(spade)-shaped coins made by Dai
and Zhou. The British Museum round coins show two different
compositions: coins nos 1 and 2, inscribed yuan, are almost pure
copper, but nos 3-6 are all made from the leaded bronze alloy
which Dai and Zhou show was normally used to cast knife- and
hoe-shaped coins.® The round coins with leaded bronze are,
however, alloyed with less lead than the so-called ming knife
coins of the Yan State with which they are usually associated.
The Yan knife-shaped coins analysed by Dai and Zhou mostly
contain 40-60% lead.

Han to Sui dynasties (206 BC— AD 618)
The Han period banliang coins represent three different issues,
¢. 200 BC (nos 11-14), c. 175 BC (nos 15-18) and c. 150 BC (nos
19—22). The first two issues were made with the same leaded
bronze of inconsistent quality as the pre-Qin coins (nos 3-6), but
mostly with a higher tin content, whereas the last issue is, like
the yuan coins (nos 1-2), of almost pure copper. Both the yuan
coins and the 150 Bc banliang coins contain traces of lead, tin
and iron, consistent with them being made from the first
refining of copper ores, suggesting that they were probably
made close to the mines from which the ore was extracted. A
distinctive characteristic of these coins is that the small amount
of iron in them renders the coins susceptible to a magnet.® A
similar phenomenon has been observed in 1st century Bc and 1st
century AD coins from ancient Kashmir, probably because these
were also made close to the sources of copper ores.’

Coins issued by Wang Mang show a similar leaded bronze
alloy to the early Han banliang coins, but in most cases with a
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higher copper content (80-95%). The huoquan examples are of
two varieties (distinguished by the treatment of the central
hole). The two specimens with a dotted upper rim to the hole
(nos 25 and 26) show a lower copper content (70-80%) than the
other two (nos 23 and 24) with a rimmed hole (80-95%). This
may indicate different mints or different dates of issue. The
daquan wushi coins (nos 27-32) are close in alloy to the latter
pair (nos 23 and 24) with higher copper content, even though
their varied sizes suggest different dates of production. The coins
inscribed xiaoquan zhiyi (nos 33 and 34) are of a lower copper
content, like the dotted rim huoquan coins (nos 25 and 26).

Although the Western Han wugzhu coins (nos 35-38) show
similar differentiation marks to the Wang Mang huoquan coins
(nos 23—26) they all seem to be of a consistently high copper
leaded bronze, like most of the Wang Mang coins tested. One
wughu coin (no. 39) normally attributed to the Western Han
because of its marked corners, however, shows a lower copper
content more consistent with that of the Eastern Han wuzhu
coins (nos 40—41) also with four projections, but on the back.
The other two Eastern Han wuzhu coins show the same higher
copper content as the Western Han coins. The variation of
quality and markings on the coins suggests that the markings
might have been added to indicate the change in quality of the
alloy. More extensive sampling of the series would help to clarify
the significance of this. The examples analysed by Zhou and Dai
represent an early group of Western Han wuzhu issued c. 118 BC,
which show a range (71-88%), which overlaps both the higher
(80—95%) and the lower copper (70-80%) leaded bronzes as
observed in the British Museum analyses, and a group of Wang
Mang coins all made from the higher copper alloy (82-86%).

Two tiny versions of the wuzhu coinage, attributable to the
late Western Han period show a widely disparate copper
content. The varying quality of the two examples tested suggests
that no. 45 has the higher copper content of the other Western
Han wuzhu coins tested (nos. 35-38), but no. 44 is of such a low
quality that it could be an unofficial copy of the period.

The coins of the local dynasties following the end of the Han
period show a general adherence to the lower copper content
leaded bronze of the Eastern Han period, with all specimens
falling within, or close to, the range 70-80% copper.

Tang dynasty (AD 618-907)
Three groups of Tang coins have been analysed, all showing the
same leaded bronze alloy of varying proportions as used earlier.

The first group are the typical Kaiyuan tongbao coins
introduced at the beginning of the dynasty and continuing to be
issued until its demise. These were selected to show the range of
styles, additional marks and sizes. They show a lack of
consistency in the copper content of the leaded bronze alloy
used throughout the Tang period, with a range of 67-94%. The
coins were selected in pairs, but even these show the same lack
of consistency (nos 64 and 65: 67-94%; nos 68 and 69: 68-78%).
A larger sample would show if the selected pieces are typical or
exceptional. Two token coins (nos 76-77) issued in AD 666, when
Kaiyuan tongbao coins were still in regular production, show
copper contents in the higher part of the range of the Kaiyuan
tongbao coins.

The second group come from the middle of the Tang period.
A token issue, inscribed Qianyuan zhongbao, was introduced in
AD 759 which went through various stages of reduction in
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weight. Remarkably, the largest examples tested (nos 78-80) are
well below (36-52%) the normal range of copper content
recorded for the early Tang issues. One example (no. 81) had the
appearance of a brass copy and testing showed a significantly
high zinc content, suggesting that it was probably made in the
late Qing period (19th century) for collectors. The standard size
tokens (nos 82—-85) show two distinct copper contents. Three
examples (nos 82, 83 and 85) have a consistent copper content in
the range 65-68%, but the fourth piece (no. 84) has only 6.8%
copper. This example was collected in Xinjiang by Rudolf
Hoernle (1841-1918) and was probably made in that region. One
of the good quality pieces (no. 85) was also collected in Xinjiang,
but its copper content suggests that it was imported into the
region from China. Examples showing two stages of reduction in
size and weight of the standard token have been tested. Again
they show two different ranges of copper content. Most of the
examples are within the range 75-79%, slightly higher than the
full size tokens. Two examples fall just below this (nos 92 and
93), with a range of 59-64% copper content. These have a
smaller inscription than the others and are perhaps intentionally
lower in quality. They also show a slightly higher iron content
than the other examples. The last two examples (nos 94 and 95),
which were collected in Xinjiang, have an even lower copper
content (25-44%); they are also the smallest and lightest
examples tested. Their low copper content, like that of no. 84,
suggests that they were local products. This is supported by the
Dali yuanbao coins (nos 96 and 97) which were issued in Ap 769
only in Xinjiang. They also show the same lower copper content,
with the tested examples, collected in the region, showing a
range of 37-49%, well below the normal Tang period range.®

The third group (nos 98-143) are all issues of the late Tang
period, a series of locally produced Kaiyuan tongbao coins from
mints all over China, made in Ap 845 following an order to
produce coins. Although the coins were made at 23 different
mints with a variety of versions of the Kaiyuan tongbao
calligraphy, they show a remarkable consistency, with most
examples within the range 70-80% copper.

Coins of the rebellion against the Tang in AD 759 (nos
144-145) have the same type of alloy as the standard token coins
of the same period issued by the Tang emperor (nos 78-85).

Five dynasties — Ten Kingdoms period (AD 907-979)

The standard used in the late Tang, 70-80% copper in a leaded
bronze of varying proportions, continued to be used in the
period of fragmentation following the Tang dynasty. The 13
Southern Tang coins (nos 164-176) are mostly in the lower half
of this range showing a tighter standard of 66—74%, while the 12
Former and Later Shu coins (nos 152-163) are mostly in the
upper half with a standard of 75-83%. These differences suggest
that slightly different standards for copper content were being
used in different regions during this period.

In some regions lead or iron coins were issued, perhaps as a
consequence of the many conflicts arising during the period
leading to economic crises. Some lead coins of the Southern
Han were tested and found to be of pure lead (nos 179-185).

Song, Jin and Yuan dynasties (AD 960-1368)

Leaded bronze continued to be the usual alloy used to make
coins during the Song period, but in some areas iron coinage
became normal, replacing bronze. This reflected an attempt to



deal with the dwindling supply of copper as the export of coins
became a large-scale activity. Some areas close to the northern
Liao, Xi Xia and Jin dynasties used iron coinage as an attempt to
create a barrier to the export of bronze coins into the territories
of these dynasties.

Before about 1068 the copper content of the leaded bronze
was mostly within the range 66—77%, but after that it fell slightly
to a lower range 63-73%. In 1127 the Song dynasty lost northern
China to the Jin dynasty and consequently lost some of its
copper sources. This led to a continuing decline in standards
with a widening range of copper content, most coins falling
within the range 56-73%.

The analyses published by Dai and Zhou show a similar
falling standard in the Song period with a range of 62—-68%
during the early Song period dropping to 50-60% after the loss
of the northern territories, although their sample is much
smaller (one coin for each of the 20 reign periods down to 1127
and 20 coins for 14 reign periods for the later period).

Some of the coins with Song dynasty reign period
inscriptions are non-Chinese products, copied in Vietnam and
Japan, where imported Chinese coins were in circulation.
Numbers 245 and 246 are Vietnamese issues of a later date,
showing a higher lead content than their Chinese prototypes.’
Numbers 214 and 215 can also be attributed to Vietnam and have
alead content in the upper range of that of the Chinese issues,
but their relatively low tin content suggests that they might not
be issued in the same context as nos 245 and 246."° Numbers 311,
312, 315, 316, and 349351 are probably Japanese products.” The
first four all show a much lower tin content than their Chinese
prototypes, but the last three are well within the normal range of
the alloy of their Chinese prototype (except the high iron
content of no. 349).

Two Jin dynasty (nos 412 and 413) and four Yuan dynasty
coins (nos 415-418) were tested and all showed a higher copper
content than the Song period coins, with a range of 71-83%.

Ming dynasty (AD 1368-1644)

The higher standard used by the Yuan dynasty seems to have
been maintained by the early Ming emperors, but at first with a
narrower range 70-78%, then rising to a range of 70-87% in the
Hongzhi reign period (issued 1503-5). The coins of the Hongzhi
reign period (nos 434—452) cannot be arranged chronologically,
but the variations observed in quality could represent a
changing standard. There is also an increased amount of zinc
noticeable in the coins, with half of them showing above 1%.
Two Hongzhi tongbao coins (nos 451 and 452) show an even
higher zinc content, sufficient to suggest that the zinc was
intentionally present. The work of Dai and Zhou has
demonstrated that the early use of zinc in coinage used the
cementation method, i.e. adding zinc ore to molten copper. In
the case of these two coins it seems to have been added to the
usual leaded bronze alloy. The copper, tin and lead are
proportionately reduced by the addition of zinc, so that the
copper content is in the range 66-69%.

The next issue of coins after 1503 was delayed until the
Jiajing reign period (1527-1570). The use of zinc ore in coin
production now became normal. Before the Wanli reign period
(1576-1621), the zinc ore was normally added to the usual
leaded bronze alloy, but during that reign some coins show so
little tin (nos 465, 469 and 470) that the alloy can be considered

Introduction

to be brass. The amount of zinc also increased during the same
period with a range of 7-33%. The high levels of zinc suggested
to Cowell that zinc metal was being added to the alloy, but Dai
and Zhou have shown from textual sources that zinc ore was
being added until 1621." After that date, tin levels are
consistently below 1% and zinc levels rise in some cases to 40%
as zinc was now being added to the alloy in metallic form.

Qing dynasty (AD 1644-1911)

The brass alloys of the Qing period have been discussed at
length in the papers in this volume and by Hartill.” It is
interesting to note the low zinc coins of the Yunnan mint before
1722. Yunnan was a main source of copper for the Qing dynasty
and therefore seems to have made less use of zinc before it
complied to the official standard being used in Beijing.

Notes

1 Foradetailed account of Chinese coinage from its origins to the 2oth
century, see Peng Xinwei, Zhongguo Huobi Shi (Shanghai, 3rd edn,
1965), also trans. into English by E. Kaplan, A Monetary History of
China, 2 vols (Bellingham WA, 1994).

2 SeelJ.Cribb and D. Potts, ‘Chinese coin finds from Arabia and the
Arabian Gulf’, Arabian Archaeology and Epigraphy (1996), 108-18;
and J. Cribb, ‘Chinese coin finds from South India and Sri Lanka’, in
K.K. Maheshwari and B. Rath (eds), Numismatic Panorama, Essays in
Memory of late Shri S. M. Shukla (New Delhi, 1996), 253-69.

3 SeeN.Rhodes, ‘Tang dynasty coins made in Xinjiang’, in K. Tanabe, J.
Cribb and H. Wang (eds), Studies in Silk Road Coins and Culture
(Kamakura, 1997), 181-86.

4  SeeDaiZhigiang and Zhou Weirong, ‘Studies in the alloy

composition of past dynasties copper coins in China’, in M. Hoc (ed.),

Proceedings of the XIth International Numismatic Congress, Brussels,

1991 (Louvain-la-Neuve, 1993), vol. 2, 311-24; Zhou Weirong and Fan

Xiangxi, ‘A study on the development of brass for coinage in China’,

Bulletin of the Metals Museum (Aoba, Sendai, Japan,1993), vol. 20, II,

35—45.

Dai Zhiqiang and Zhou Weirong, ‘Studies’.

6 Cowell provided me with this explanation of the magnetic
responsiveness of the impure copper used to make these coins.

7 B.K.Tanner, D.W. MacDowall, I.B. MacCormack and R.L. Smith,
‘Ferromagnetism in ancient copper-based coinage’, Nature 280
(1979), 46—48, based on similar magnetic responsiveness in Kushan
coins originally observed by the late John Nisbet.

8 Rhodes, ‘Tang dynasty coins’.

9 Nos245and 246 have the stylistic (small seal script) and casting
technique (thin flan with broad rims on reverse) attributes of
Vietnamese copies of Chinese coins. Parallels to them can be seen in
F. Thierry, Catalogue des monnaies vietnamiennes (Paris, 1987), no.
105, and, Miura Gosen, Annan Senpu, (Catalogue of Vietnamese
Coins), 3 vols (Tokyo, 1963), vol. 1, 81, no. 2 and 86, no. 4.

10 Nos 214 and 215 are attributed to Vietnam by Thierry, Catalogue, no.
1129, and Miura, Annan Senpu, vol. 1, 20, no. 3. Thierry identifies
them as Vietnamese copies of Japanese copies of Chinese coins. The
Japanese prototypes were made in Nagasaki c. 1659-1685.

11 Nos 311, 312, 315, 316 and 349—351 belong to the series of Japanese
issues made in imitation of Chinese coins. Nos 311, 312 and 315 are
attributed to the mint of Nagasaki 1659-1685, Japan by the Bank of
Japan, Research Department, Zuroku Nihon no Kahei (Illustrated
Japanese Money), (Tokyo, 1972), vol. 4, no. 313. Nos 315 and 316 and
349-351 are earlier privately minted imitations in the series known
by Japanese scholars as bita-sen and shima-sen. Each example of
bita-sen and shima-sen series is different, so it is not possible to refer
to exact parallels, but examples of the series are to be found in Bank
of Japan, Zuroku Nihon no Kahei, vol. 1, bita-sen nos 354—445, shima-
sen nos 446-538.

12 Daiand Zhou were able to dispute Cowell’s original interpretation of
the evidence relating to the introduction of zinc; see ‘Studies’. Cowell
argued for the use of metallic zinc from the beginning of brass
coinage in China, but Dai and Zhou were able to show, both from
texts and the variation of trace elements that Chinese brass was
initially made using zinc ore and only later was metallic zinc used.

13 SeeD. Hartill, Qing Cash, Royal Numismatic Society Special
Publication 37 (London, 2003).
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Two Thousand Years of Coinage in China:

An Analytical Survey

Sheridan Bowman, Michael Cowell and Joe Cribb

Introduction

The primary aim of this project was to provide an analytical
survey of dated copper-based Chinese cast metalwork. The
potential of coinage for this purpose is obvious and, in the case
of China, made particularly opportune by the long tradition of
manufacture of the copper-alloy cash coin. For almost two
millenia the Chinese used this copper-based unit as virtually
their only official coinage for day-to-day use. For much of this
time the style and method of production of the cash remained
essentially unchanged.' Unlike the majority of Western coinages
it was cast in its final form, instead of being struck, and this
practice continued right up to the early 2oth century.

The production methods used for cash manufacture were
very conservative. We have a full account of the 17th century
practice,? but much the same process had been used since the
Han dynasty (2nd century Bc). The coins were cast in large
numbers in batches in two-piece moulds arranged vertically.
Moulds were prepared from fine sand re-inforced with an
organic binder and contained within a wooden box. A pattern of
50-100 ‘mother cash’ (either individually made or identical
copies of a single master cash) were pressed lightly into the
surface and then a second mould box was placed face down on
top. An impression was thus taken of both sides of the mother
cash pattern. The mould boxes were then turned over and
separated so that the mother cash remained on the lower mould
surface. A fresh mould box was then laid on this and again the
pair turned and separated. In this way a series of two-piece
moulds were obtained. After clearing channels between the coin
impressions and making a central runnel, the boxes were fixed
together in pairs and, following a preliminary firing, metal was
poured in. The result was a ‘cash tree’ from which the coins were
separated and subsequently cleaned up. A few fragmentary and
complete cash trees have survived. The one illustrated here
(Fig. 1 see cover) although dating from the mid-19th century is
typical of earlier examples.

In principle, the intention of this analytical survey was that
the coins should merely provide a convenient dated series of
metalwork. However, it has also been possible to use the
analytical data to corroborate the numismatic study of the
series, particularly the chronology of some of the later issues.
There have been several recent analytical studies including
Chinese coins,® but they were restricted to comparatively short
periods and no complete survey can be established from them.

There are a number of reasons why such a dated survey of
metalwork would be of interest. One of these concerns the
possible early use of more exotic metals and alloys some of
which are alluded to in Chinese texts. For example, it has been
suggested that the early use of cupro-nickel by the Indo-Greeks
in Bactria during the 2nd century Bc was initiated by trade
contacts with the Chinese,* although this was refuted by
Cammann.® A more recent technical study of the Bactrian

coinage provides data that are also opposed to the introduction
of the alloy from China.® Nevertheless, one of the reasons for
suggesting a Chinese origin for cupro-nickel was the availability
of suitable ores in south-west China. These were certainly
exploited from the 16th century ap for the manufacture of
‘paktong’, a copper-nickel-zinc alloy, which was later widely
copied in the west. Chinese texts suggest that it was known
much earlier than this and possibly used for the casting of coins.”
However, there are no verifiable analyses to support this.
Clearly, it would be useful for a more systematic survey of the
coinage to establish whether or not nickel was a substantial
component of typical early Chinese copper alloys.

Further interest centres around the manufacture of metallic
zinc by the Chinese. Needham has traced references to alloys
that are presumed to contain zinc back to the 2nd century Bc
with retrospective accounts possibly referring to the individual
metal in the gth or 10th century Ap.® However, there is no
definite evidence for the isolation of metallic zinc by the Chinese
until the early 17th century ap.® There are reported analyses of
2nd century B¢ Han dynasty coins containing several percent of
zinc, but the authenticity of these coins cannot now be
confirmed. Although the concentration of zinc in these coins is
no higher than that which could be achieved by the cementation
process, this would be early evidence for the use of the process
in the East and worthy of further investigation. The zinc coins
analysed by Leeds which were thought to have been minted
from the 15th century onwards are now believed to be oriental
imitations made outside China in the 17th century at the earliest
and possibly the 18th or 19th century.” During the late Ming and
Qing dynasties there is well documented use of brass for the
cash coinage but it is not clear to what extent cementation brass
and metallic zinc contributed towards its manufacture. It would
be of interest to know precisely when the introduction of brass
took place and if it is possible to identify the earliest use of
metallic zinc in its formulation.

Finally, a systematic survey of dated Chinese metalwork, not
generally available in the West, would be useful information on
the typical composition of casting alloys. This is not to imply that
a database of coin analyses could be used to ‘date’ other Chinese
metalwork but it would provide a useful framework for
comparative studies.

Analytical techniques

Obviously, for a meaningful survey over such a long period of
time, a large number of analyses are required to ensure that the
data are representative. Since, in the first instance, the major
alloying components were of principal interest rather than trace
elements a rapid technique was required with moderate
sensitivity. X-ray fluorescence (XRF) was therefore used as the
principal analytical technique for all the coins but atomic
absorption was subsequently applied to selected pieces to
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support the XRF data and extend the range of elements
quantified. A Link Systems model 290 XRF spectrometer was
used with a tungsten-target X-ray tube operated at 40 kV. A
suitable area on the rim of each coin was normally selected for
analysis and either scraped with a scalpel or abraded with
silicon carbide paper to remove surface deposits of corrosion.
Copper, tin, zinc, iron and lead were quantified in all coins and a
selection were also analysed for nickel, antimony, silver and
arsenic. The atomic absorption (AAS) analyses were carried out
using a Pye Unicam SP9 spectrometer following the procedure
described by Hughes et al. for copper-based alloys.*2 Fourteen
major, minor and trace elements were quantified. Samples for
AAS were taken by drilling into the edge of each coin with a
o.7smm drill bit and removing about Tomg of metal.

The limitations of XRF for the surface analysis of copper-
based, particularly leaded, alloys have been noted,* and
segregation of lead in Chinese coins has been found by Sano and
Tominaga." It was expected therefore that the accuracy of the
results using this procedure would be compromised somewhat
by inhomogeneities of the alloy. Replicate analysis and
comparisons between XRF and AAS results on typical, not
heavily corroded, coins indicate that the lead concentration will
be subject to the greatest errors, typically +10-15% relative as
opposed to 5-10% relative for tin and zinc. This variation is less
than the differences found between some of the coin groups and
was considered acceptable for the purposes of this survey.

Results

General trends

About 550 coins have been analysed in this survey covering a
period from the Zhou dynasty, the 3rd century Bc, to the end of
the Qing dynasty in the late 19th century Ap. The coins were
selected to provide as representative a spread of dates as
possible. However, there are some periods when issues of
coinage were severely restricted or curtailed completely, for
example during parts of the 14th and 15th centuries, so that a
complete coverage was not possible. During the period surveyed
anumber of mints were in operation throughout China which
may not have always adhered to central minting policy. The
investigation of possible regional variations in composition has
yet to be examined however since the majority of the later coins
included in the survey were selected from those attributed to or
representative of the central mint at Beijing.

The results show that, in general, issues before the 16th
century are leaded bronze whereas subsequently they are brass.
The general trends in the composition of the bronze coins are
summarised in Figures 2 and 3 which display the average
typical concentrations of lead and tin in the alloy (with bars
indicating 1 standard deviation) for periods of a century or
individual dynasties. It can be seen that for much of the period
covered the coinage is heavily leaded bronze which is of course
particularly suitable for cast metalwork. The lead content is
typically in the range 10-40% and the tin content ranges up to
about 16%. Although there are comparatively wide ranges in
composition for coins issued over short periods, when these are
averaged, some longer term trends become apparent. For
example, prior to the end of the Tang dynasty in the gth century
AD there is a progressive increase in the amount of tin in the
alloy but the lead content is rather erratic. After the Tang
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dynasty the overall trend is for the tin content to decline, except
for one or two discontinuities. It is noticeable that during this
period the trend in lead content is the oposite of that for tin,
with the lead increasing at the expense of the tin and the copper.
The progressive increase in the lead content may be related to
the state of the Chinese economy because by adding lead there
would be a saving in the more expensive copper and tin. It is
significant that during the Song dynasty, when there are known
to have been shortages of copper and greater demands on the
coinage,” the increase in the lead content is most pronounced.

The survey has also identified the point at which the coinage
alloy changed from leaded bronze to brass, or more accurately a
quaternary alloy containing substantial amounts of zinc, tin and
lead. This change occurred during the years 1503 to 1505. The
compositions of the coins during this critical phase are listed
below in Table 1 together with the subsequent issues to 1566.
Unfortunately only date ranges can be given for some of the
coins in this table because the issues cannot as yet be more
precisely dated. In addition, no coins seem to have been issued
in the period 1505 to 1527 probably because of attempts to
introduce a paper currency.'

The results in Table 1 have been ordered to group together
the brass issues and also to indicate an apparent trend in the
composition of the bronze issues. The latter have been ordered
by decreasing lead to tin ratio but the numismatic significance of
this has yet to be investigated. Out of the 19 coins analysed that
were issued during 1503-05, 2 (550 and 548) contain substantial
amounts of zinc whereas most of the remainder are leaded
bronze. All the coins examined with dates after 1527 are made of
brass. The complete establishment of brass over leaded bronze
for the cash coinage by 1527 is in accordance with near
contemporary records such as those by Gu Ziyu [Ku Tsu-yu] in
1667, who notes that brass coins were used from 1520 onwards.?”

Table 1 Composition of coins issued during the transition from
bronze to brass

No. Tableno. Date %Cu %Sn %Pb %Zn
539* 441 1503-5 80 37 15.7 0.2
543* 445 1503-5 69 6.7 23.0 <0.01
549* 452 1503-5 77 5.0 17.2 <0.1
541* 443 1503-5 74 8.5 16.2 <0.01
547* 449 1503-5 72 9.3 17.8 0.1
426 437 1503-5 79 7.6 12.4 0.5
536* 438 1503-5 79 7.7 116 <0.96
538* 440 1503-5 74 10.6 14.8 <0.01
427* 436 1503-5 77 10.1 1.7 <0.1
542* 444 1503-5 81 10.0 7.0 1.6
544* 446 1503-5 82 10.7 6.8 1.2
546* 448 1503-5 84 10.8 49 1.0
21 435 1503-5 87 8.5 3.7 0.4
545% 446 1503-5 84 10.9 4.1 13
22* 434 1503-5 85 9.8 2.8 1.2
540* 442 1503-5 85 10.0 2.8 1.7
537 439 1503-5 82 16.0 0.6 0.7
550 451 1503-5 66 74 109 16.2
548* 450 1503-5 69 7.8 9.6 13.3
430* 458 1527-66 82 3.2 0.8 12.5
429 456 1527-66 69 74 8.5 13.0
431* 457 1527-66 81 4.0 0.7 13.5
433 459 1527-66 70 5.5 7.2 16.0
428 455 1527-66 60 7.5 14.4 16.4
432 460 1527-66 70 5.5 6.5 17.4
20%* 454 1527-66 69 7.4 5.2 17.8
19 453 1527-66 63 6.9 7.0 22.7

* Analyses by AAS, remainder by XRF
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Prior to the 16th century zinc occurs only as a trace
component of the alloy, generally less than 1%. This is a
concentration which could have arisen through fortuitous
association with copper or lead ores. The few exceptions proved
on detailed examination to be of uncertain authenticity because
of incorrect style, artificial patination or absence of internal
corrosion.

The nickel contents were found to be similarly low and none
was greater than 0.5%. Certainly no early cupro-nickel was
identified and even during the late Ming and Qing dynasties,
when paktong was definitely being manufactured, nickel was
never other than a trace contaminant of the coinage.

Brass coinage
The primary source of contemporary information on the
manufacture of the Chinese brass coinage is the Tian gong kai
wu [T’ien-kung K’ai-wu] written about 1637."® This gives precise
details of the alloy used for the coinage, the method of casting
and the preparation of the coins afterwards. The procedure
referred to speaks of six or seven parts of copper alloyed with
three or four parts of zinc, noting that about a quarter of the zinc
is usually lost through vaporisation. Zinc was then regarded as a
very cheap metal known as wu gian [wo chienn] or poor lead
and took the place of lead in effectively reducing the amount of
copper in the alloy. In consequence, contemporary forgeries
were reported to contain the most zinc with up to 50% of the
metal. Clearly metallic zinc was available in the East at this time
in substantial quantities and it is well known to have been
exported to Europe at the beginning of the 17th century.” In fact,
the current results show that the brass coinage in China can
definitely be traced back over 100 years before this. What
indication is there for the use of metallic zinc, as opposed to
cementation brass, over this period? As we will show, the
analytical data provide strong evidence for the availability of
metallic zinc in China from the first quarter of the 16th century.
The main alloy composition of the brass coins issued from
the 16th century to mid-18th century are summarised in Figure
4 by the means and ranges for zinc, tin and lead. This shows that
the zinc content was initially only about 13-16% but, apart from
some fluctuations, soon reached over 20%, and then by the early
17th century was 30-40%, which corresponds to the
contemporary accounts. After the early 17th century the zinc
content is occasionally reduced but not, it seems, below 20%.
The wide, and apparently random, range in the zinc
concentration over certain periods has some numismatic and
historical significance which will not be explored in this paper.
In addition to zinc the alloy also contained, at various times,
substantial amounts of tin and lead, often totally 15-20%, whose
concentrations are usually inversely correlated with the zinc.
The presence of these metals is almost certainly connected with
the use of re-cycled scrap, the possible inclusion of which is
mentioned by Song Yingxing [Sung Ying-Hsing].* In this
context, it is significant that the tin and lead concentrations are
highest in the earliest brass issues, with their relative
proportions being similar to that in the near contemporary
leaded bronze coins (see also Table 1). There would have been
substantial amounts of earlier leaded bronze coinage available
at that time and it would have been uneconomical to have
refined this in order to extract the more valuable copper and tin
components.
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The concentrations of tin and lead in the early brass coins
suggests that at least half of the metal used derived from re-
cycled bronze. It may be conjectured that the zinc in these same
coins was introduced via cementation brass which could have
had a maximum zinc concentration in the range 28-33%.
However, after dilution with at least an equal weight of scrap
bronze (in some cases perhaps twice as much), the zinc
concentration of the final alloy could not then be as high as that
actually found in most of the coins. Hence, it seems more likely
to the authors that zinc metal was added to the alloy in
appropriate quantities and this applies even to the earliest brass
issues in the period 1503—05. There may also be some historical
evidence for the addition of zinc in that a different metal
(described as ‘good’ or ‘superior tin’) was added to some of the
issues of the Hongzhi period (1488-1505) in the year 1505,*
which is precisely the date of the first brass issues discovered
here. If correctly interpreted, the original reference indicates
that the amount of zinc added would have been about 12.5%
which is similar to that found in the coins.

Summary

This survey has shown that the Chinese cash was usually
manufactured from leaded bronze until the 16th century. Then,
sometime during the period 1503-05, brass coinage was
introduced, perhaps alongside that of bronze, until from 1527
onwards all subsequent issues were made of brass. The
composition of these brass issues indicates that metallic zinc was
used in their manufacture, rather than cementation brass, and
hence that zinc metal was available to the Chinese early in the
16th century. Whether this was manufactured in China or
imported, perhaps from India, cannot be determined from these
data but certainly it must have been available in considerable
quantities. The composition of the coinage provides no evidence
of early brass production using the cementation process
although this does not guarantee that it was not used for other
metalwork. Indeed, before the brass coinage was introduced,
there is abundant evidence of brass of probable cementation
origin being used for statuary metalwork in China.?

[First published in The Journal of the Historical Metallurgy
Society 23 (1989), 25-30.]
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Comments by Michael Cowell (2003)
The analytical project carried out in 1989, which included some
550 cash coins, was the most extensive analytical survey of
Chinese copper-alloy coinage then published in the West. Prior
to that, many analyses had been published in China and Japan,
but these did not cover the complete period surveyed here.!
However, at about the same time, and subsequently, there were
many more analyses of this coinage being carried out in China,
particularly by Zhou Weirong and colleagues,? that covered a
similar period; their results are essentially compatible with ours.
The primary objective of the British Museum project was to
provide analyses of representative coins over most of the period
of cash production, thereby providing a general database of
Chinese cast copper-based metal composition. It was intended
that this could be used for comparison with other cast
metalwork, such as statuary, and allowed periods of significant
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composition change to be identified for more detailed
investigation, such as the introduction of zinc-containing alloys.
To carry out the survey in a reasonable time, a relatively rapid
technique was used for the majority of the analyses, X-ray
fluorescence (XRF).? Even though areas on most of the coins
were prepared to remove surface corrosion, the accuracy of this
method is less good than those requiring a sample to be
removed, such as atomic absorption spectrometry (AAS); the
latter method was applied to some of the coins. Preliminary tests
had indicated accuracies within the range +10-15% relative for
lead and *+5-10% for tin and zinc. Errors are likely to be highest
for lead as this element forms a separate phase in the alloy.
Subsequently, further comparisons between the XRF analyses
and AAS analyses on drilled samples from the coins has
indicated that the errors in the lead content may be somewhat
higher at =20-25% relative in a few cases and for tin up to
+15-20%, particularly where there is extensive surface
corrosion. Therefore any interpretation of the XRF analysis data
on the individual coins published here must take this accuracy
into account. As noted above, the XRF project was intended as a
preliminary survey that could be followed up by accurate
analysis of parts of the series, by AAS or inductively-coupled
spectrometry (ICPAES), where interesting trends in composition
were found. This was the case with the Ming and Qing dynasty
coins where the change from bronze to brass was investigated
further, together with aspects of brass manufacture and imports
of copper.*
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1 Forexample, Dai Zhigiang and Zhou Weirong, ‘Study of the alloy
composition of more than two thousand years of Chinese coins (sth
c.Bcto 2oth c. Ap)’, Journal of the Historical Metallurgical Society 26,
no. 2 (1992), 45-55. Zhao Kuanghua, Wang Weiping, Hua Jueming,
Zhang Hongli, ‘An analysis of the chemical composition of Northern
Song bronze coins and a tentative inquiry into the quality of dantong
in Song dynasty’, Studies in the History of Natural Sciences 1986 (5),
321-30. Yuji Sano, Kenji Notsu and Takeshi Tominaga ‘Studies on
chemical composition of ancient coins by multivariate analysis’,
Scientific Papers on Japanese Antiquities and Art Crafts 28 (1983),
44-58.

2 Forexample, Dai Zhigiang and Zhou Weirong, ‘Study of the metal
composition’.

3 M. Cowell and H. Wang, ‘Metal supply for the metropolitan coinage
of the Kangxi period (1662-1721)’, Numismatic Chronicle 158 (1998),
185-96.

4 M.R. Cowell, J. Cribb, S.G.E. Bowman and Y. Shashoua, ‘The Chinese
cash: composition and production’, in M.M. Archibald and M.R.
Cowell (eds), Metallurgy in Numismatics 3 (Royal Numismatic
Society, London, 1993), 185-96. Cowell and Wang, ‘Metal supply’.

Metallurgical Analysis of Chinese Coins at the British Museum |9



Bowman, Cowell and Cribb

Notes to the Metallurgical Tables

No.
The coins are numbered individually on the plates.

British Museum registration numbers

As far as possible, coins were selected from established
collections within the Department of Coins and Medals, British
Museum. The registration numbers usually follow the format
year-month-group-item. In this way, the registration number
1883-8-2-86 can be interpreted as the 86th item in the 2nd group
acquired in the 8th month (August) of the year 1883. The
registration numbers also indicate the provenance of the coins:

1847-11-9  Lieut. Forbes

1870-5-7 Dr Wilhelm Freudenthal (d.1883)

1882-6-1 Hosea Ballou Morse (1855-1934)

1883-7-1 Hosea Ballou Morse (1855-1934)

1883-8-2 Consul Christopher Gardner (1842-1914)

1884-5-11  H. Wills (ex-Kutsuki Masatsuna, Lord of Tamba,
1750-1802)

1885-3-4 Dr William Lockhart (1811-1896)

1886-10-6  Rollin & Feuardent

1887-5-11  Messrs R. Whyte & Co

1888-8-3  Alfred I. Coe

1897-12-7  Rev H. Dixon

1902-6-8 Secretary of State for India (ex-August Friedrich
Rudolf Hoernle, 1841-1918)

1908-6-5 Lady Raffles (d.1858) (= widow of Sir Stamford
Raffles, 1781-1826)

1909-5-11  Mrs F. Bushell (= widow of Dr Stephen Wootton
Bushell, 1844-1908)

1925-3-11  C.H. Dakers

1939-3-17 M. Comencini

1964-2-23  W.G. Walshe

1974-5-14  Spinks

1974-5-15 Spinks

1975-9-29  P.S.E. Cribb (= brother of Joe Cribb)

1975-11-22  J.E. Cribb (= Joe Cribb, British Museum)

1976-1-12  Anon

1976-9-16  Rev Ernest S. Box (1903-1994)

1978-9-19  Nicholas du Quesne Bird

1979-2-27  F. Burne (ex-John Wellington, Bishop of Shandong,
1889-1976)

1979-3-3 G. Goldthorp Hay

1979-3-4  Anon

1981-10-6  J. Bromwich

1981-12-16  J. Bromwich

1982-11-11  C. Eimer

1982-11-31 K. Courtenay (ex-Mayfield Hoard, Australia)

1983-5-26  R. Stedeford

1996-2-17  RevErnest S. Box (1903-1994) — the registration

number indicates that this coin was acquired after
the survey; its results are included in the tables
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BMC British Museum Catalogue

CH Chinese Supplementary Register
E Joseph Edkins (1823-1905)

GC General Collection (19th century)
H H.G. Heath (19th century)

K Kingdom (19th century)

M Miscellaneous (19th century)

w Webster (19th century)

The only coin in this study that is not in the Department of Coins
and Medals belongs to Mr. N.G. Rhodes (Treasurer of the Royal
Numismatic Society).

Period
The periods or dynasties in which the coins were issued.

Obverse

The inscription on the front of the coin. The inscription is
sometimes followed by two letters which indicate the script
style:

CL = Clerk script (Li shu)

ST = Standard script (Kai shu)

CU = Cursive script (Xing shu)

GR = Grass script (Cao shu)

SE = Seal script (Zhuan shu)

All the coins used in this survey before AD 621 are written in a
version of seal script; from then until 916 all are written in clerk
script. From 916 until 1130 a range of scripts are used and
indicated in the table; after 1130 all are written in standard script

Reverse
The inscription or marks on the back of the coin.

Mint, Denomination, Date, Weight
Where the coin was made, its value, its date of issue (all AD
unless indicated otherwise), and its weight (in grammes).

Technique

The techniques used to analysis the coins:

XRFA = X-ray fluorescence (abraded) - the surface of the coin
was cleaned prior to testing

XRFU = X-ray fluorescence (unabraded) — the surface of the
coin was not cleaned prior to testing

AAS = Atomic absorption spectometry

For the AAS results, the copper content is not recorded.

Cu, Sn, Zn, Pb, Fe
Cu = Copper
Sn =Tin

Zn = Zinc

Pb =Lead

Fe =Iron
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The Chinese Cash: Composition and Production
Michael Cowell, Joe Cribb, Sheridan Bowman

and Yvonne Shashoua

Introduction

In this paper we summarise the results of an analytical survey of
the Chinese cash copper alloy coinage from the earliest issues of
the Han period in the 3rd century Bc to the end of the Qing
dynasty in the early 2oth century. Details of the analytical
techniques used can be found elsewhere,’ the analytical data for
the later coins is listed in Table 2.

The survey was instigated primarily to provide a dated series
of analyses of typical Chinese copper-based metalwork. This has
revealed new information about the developments of alloying in
China for coinage manufacture which can be compared with
methods used for other types of artefact. The contemporary
records of cash production, which often specify the quality and
quantities of the various metals used in the alloy and individual
mint practices, may also be correlated with the established
composition of the coins. The most important aspect in this
respect is the first use of brass for the coinage and the
information which analysis provides about the technology of its
manufacture.

Manufacturing technique and alloys

Although economics would no doubt have been an important
factor in the type of alloys used for the manufacture of the cash,
as in all aspects of currency production, due account had also to
be given to the methods by which the coinage was produced.
Throughout the whole of the period surveyed the cash was
manufactured entirely by casting. Contemporary accounts
indicate that there were periodic modifications to the process,
but these were primarily concerned with the materials or the
manner with which the moulds were made.

The most complete description of the manufacturing
procedure specifically relates to mid-17th-century practice,?
when vertical sand (loess) moulds were used to cast batches of
coin on a tree-like network (Pl. 1.1 see cover) weighing up to
6kg, but the general principles of the operation had changed
little for over a millenium. After casting the coins were separated
from the tree structure linking them together. They were then
carefully cleaned and abraded to remove sprue, and finally
strung together in thousands.

There are advantages in producing coins by casting rather
than striking. The process is labour intensive but involves
relatively simple technology, especially when compared with
machine methods, and requires less skilled personnel as might
be employed in most foundry workshops. A major disadvantage
is that forgery is easy and difficult to detect since a single
authentic coin can be used to produce any number of copies
using the same process by which the original was made. Very
detailed designs cannot be reproduced consistently and
individual accurate weight control could also be difficult to
achieve. The technique was most suited, therefore, to the mass
production of a low value base-metal denomination, such as the

cash, where the profit margin was small.

For casting cash, alloys had to be used which were suitable
for this method of production. These would not necessarily be
appropriate for the manufacture of coinage by striking,
particularly if sheet metal was required for the blanks.
Essentially two types of alloy were used for cash manufacture
over the period surveyed: tin bronze up to the early 16th century
and then brass until the early 19th century. For virtually the
whole of this period, however, irrespective of whether bronze or
brass was used, the alloys are leaded. The chronological
variation in the lead content is illustrated in Fig.1. The lead
content is highest in the bronze coins and typically ranges from
10 to 20%, peaking at around 30% for coins issued during the
12th and 13th centuries. In the brass coins the lead content is
lower and mostly in the range 2 to 8%, averaging about 5%. The
use of leaded alloys was partly influenced by the cost and
availability of metals, but their technical suitability must also
have been a major consideration.

The addition of lead to bronze or brass has two important
effects: it slightly lowers the freezing point of the alloy (by about
100°C with 20% lead added to bronze) and markedly increases
the fluidity of the molten metal.’ Both of these features are
desirable in the manufacture of small, detailed items by casting.
The increase in fluidity is most marked up to about 3% lead after
which there is a slow but further steady improvement. This is
just below the concentration in the later brass issues where the
lead has probably been added solely for technical rather than
economic reasons. By contrast, during the 12th and 13th
centuries when the lead content was highest it was almost
certainly added primarily to reduce costs.

Developments in brass production
The major change in the coinage alloy from bronze to brass
occurred during the early part of the 16th century, specifically
during the later Hongzhi period, 150305 (Pl I.3-5). This
changeover was almost certainly prompted by economics. As
zinc became a cheaper metal than lead it was profitable to
substitute zinc for some of the lead and most of the tin without
detriment to the properties of the alloy. In fact, there would have
been some improvement since zinc is a better de-oxidant than
tin and the quality of the castings would have been improved.

For some time the alloy used was not a ‘pure’ brass but one
more accurately described as a quaternary alloy containing
substantial amounts of tin and lead in addition to zinc and, of
course, copper (Fig. 2). The lead content was soon reduced and
stabilised but the tin content had virtually disappeared by the
17th century. It is of particular interest to establish when the
Chinese first used brass for their coinage and, most importantly,
to determine how that brass was manufactured.

Zinc is not an easy metal to isolate in the pure state because
it is very readily oxidised and has a low boiling point (913°C).
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Plate 1.1 See cover Chinese ‘money tree’, brass 10 cash coins still attached to
casting sprue. This example was made at the Board of Revenue Mint, Beijing,
¢.1905.

Plate 1.2-3 Bronze versions of Hongzhi tongbao coins of the Ming dynasty,
issued in 1503 (16th year of the Hongzhi reign period). Coin nos 440 and 436.
Plate 1.4-5 Brass versions of Hongzhi tongbao coins of the Ming dynasty, issued
in 1505 (18th year of the Hongzhi reign period). Note the different calligraphic
style of the inscriptions, which are written with thinner strokes than those on the
bronze coins (2-3). Coin nos 450 and 451.

Plate 1.6 Lacquered brass version of Longging tongbao coins of the Ming dynasty,
issued 1570 (4th year of the Longqing reign period). Coin no. 463.

Plate 1.7-8 Lacquered brass versions of Wanli tongbao coins of the Ming
dynasty, issued 1537-82 (Wanli reign period). Coin nos 480 and 471.
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Conventional smelting will readily produce the free metal but
this immediately vapourises, re-oxidises and is lost with the flue
gases. To extract the pure metal in any quantity requires a
complex reduction, distillation, and condensation process which
may have been first perfected in India during the 14th century Ap
or perhaps a little earlier.* Brass can, however, be manufactured
directly by the cementation process, used extensively by the
Romans, in which zinc metal is generated, by reduction, from an
ore mixed with reducing agents in close contact with copper
metal in a closed vessel. The zinc vapour, formed in situ, is
absorbed by the copper to produce brass. This process has been
known since the 3rd century Bc but limits the brass composition
which can be made to those containing not more than about
28% zinc.® On the other hand, with metallic zinc available there
is no upper limit to the composition of brass which can be
manufactured.
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